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[57) ABSTRACT

A thin film resistor for use in microelectronic devices,
the resistor having a resistive layer comprising silicon
nitride (Si3Ng4) and refractory metals of tungsten and/or
molybdenum. The features of the structure of the resis-
tor 1s that the film comprises a silicon nitride layer and
grains of metal and/or metal silicide, wherein the resis-
tivity 1s determined mainly by the silicon nitride. There-
fore, the total resistance of the resistor can be controlled
by controlling the amount of the silicon nitride, thus
providing a wide range of the resistivity of 10—3 to 10%
{lcm. Other characteristics such as immunity to the
dopant contamned in an adjacent doped layer, namely
heat resistivity and low activation energy of the resistiv-
ity are verified by associated experiments.

9 Claims, 15 Drawing Figures
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THIN FILM RESISTOR FOR AN INTEGRATED
CIRCUIT SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

This invention relates to a thin film resistor for micro-
electronic devices. Particularly, it relates to a thin film
resistor formed in an semiconductor integrated circuit
(IC) device, having a wide range of resistivity, low
temperature dependency, and high thermal stability and
which is easy to fabricate.

As microelectronics penetrate rapidly into various
fields of the industry, semiconductor devices such as
siicon semiconductor ICs are playing an increasingly
important role. Although silicon ICs are dominant in
the products at present, ICs of compound semiconduc-
tors such as gallium-arsenide (GaAs) semiconductors
having a higher mobility of carriers are becoming popu-
lar because of their higher switching speed and lower
power consumption. For both semiconductor products
described above, higher packaging density is also re-
quired to improve their performance and to minimize
the size of electronic devices where the ICs are used.

For a microelectronic device, particularly for an IC,
resistors are important elements. Polycrystalline silicon
(polysilicon) reistors are widely used for silicon ICs,
while bulk resistors are used for compound semicon-
ductor ICs. Usually such resistors are formed in a sub-
strate of an IC together with other elements such as
capacitors and transistors, but there are several limita-
tions to the characteristics and fabricating conditions
resulting in various problems which need to be solved.

For example, polysilicon resistors are employed for
high resistive loads for static memory cell circuits and
inverter logic circuits. These resistors have a high resis-
tance such as 10 MQ to 10 G2, and have very small
dimensions such as 2 pm wide, 3 um long and 0.3 um
thick. Accordingly, the necessary resistivity is approxi-
mately 10° to 106 Qcm. Such a high resistivity of
polysilicon is attained by controlling the dopant con-
centration. However, variation of the resistivity of the
polysilicon is very sensitive to the variation of dopant
concentration. If the phosphorus dopant concentration
varies from 1X 1018 atm/cm3 to 4 X 1018 atm/cm3, for
instance, the resistivity increases sharply by 105 times.
This sharp change of resistivity with respect to dopant
concentration provides a serious difficulty in control-
ing the specified value of the resistance. Generally, it is
considered that the resisitivity of the polysilicon is com-
posed of the bulk resistivity of crystalline grains, the
actual resistivity of the grain boundaries and the space
charge potential barriers. The above matters have here-
tofore been considered in a report, for example, on page
682, Vol.ED.29, No.4, APL 1982, IEEE Transactions
on Electron Devices by Nicky Chau Chun Lu and
others. The resistivity also depends on the grain size and
grain boundary density of the polysilicon. However,
controlling of the grain size during the crystal growth is
difficult and further grain growth in subsequent heating
processes at above 900° C. 1s unavoidable, resuiting in a
change of resistivity.

The polysilicon is easily influenced by the adjacent
layers of the device. For instance, it is reported that in
the case of a polysilicon layer covered with a silicon
nitride (SIsNg) layer formed by a plasma depositing
method, the resistivity of the polysilicon layer de-
creased to 1/1000 times by heating at 450° C. for 2
hours. It is considered that this is ascribed to the occur-
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rence of fixed charges and the surface state of the inter-
face between the polysilicon layer and the insulator
(silicon nitride) layer.

Furthermore, if the surrounding area adjacent to a
polysilicon region is heavily doped, the dopants con-
tained in the region tend to diffuse into the polysilicon
resistor. As a result, the marginal area of the polysilicon
resistor along the boundary area is doped and looses its
resistivity, leading to a reduction of the resistivity of the
polysilicon resistor. Considering this reduction, the
resistor should be designed to start with a higher resis-
tivity, but this adversely affects the high density pack-
ing of the IC. '

In addition, a precise patterning for forming resistors
Into a semiconductor substrate by a selective diffusion
method is difficult. An ion implantation patterning can
assure higher accuracy of the dimension of resistors, but
this method can not be applied to a compound IC such
as gallium-arsenide (GaAs) ICs, because the tempera-
ture of the subsequent heat treatment for the diffusion
process 1s hmited due to the high evaporation rate of the
element material such as arsenic (As) and is not suffi-
cient to activate dopants implanted, resulting in uncon-
trolled resistivity of resistors.

Particularly with compound semiconductor ICs, re-
sistors for the ICs are formed in the substrate occupying
the area on the substrate, thereby decreasing the pack-
aging density.

In order to overcome the problem with polysilicon

resistors as described above, heat resistive resistor mate-

rials have been developed. A typical one is “cermet”
which 1s a mixture of oxide materials such as aluminum
oxide (Al2O3), beryllium oxide (BeQ) and zirconium
oxide (ZrO3) and metals such as iron (Fe), nickel (Ni),
cobalt (Co), chrome (Cr), copper (Cu), etc. “Cermet” is
a heat resistive resistor material which can stand heating
at 1000° C. However, metals contained in “cermet”,
tend to react with oxygen to convert to a metal oxide.
This makes it difficult to control the resistance of “cer-
met” resistors. Furthermore, in a compound semicon-
ductor, “cermet” is not useful because of the tempera-
ture limitation in its heat treatment as described above.

Another heat resistive material for film resistors or
discrete resistors is tantalum nitride (TaN) which is
moisture proof and stable during its lifetime. Recently,
an improved resistor of tantalum nitride was proposed
in Japanese patent application, No. TOKU-KAI-
SHOS58-14501 (published on Jan. 27, 1983) by K. TA-
NAKA, wherein a tantalum-silicon-nitrogen alloy
layer, containing silicon (Si) of 20 to 80 atomic percent,
was formed in an atmosphere including nitrogen (N>)
gas with partial pressure of 0.5 10—3to 8 X 10—5 Torr.
‘The material can be heated below 800° C. This resistor
1s substantially a nitrided tantalum silicide resistor hav-
ing a relatively low range of resistivity from 4 X 10—4to
2X10—2 Qcm. Accordingly, this is not suitable for sili-
con transistors.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
thin film resistor for semiconductor devices, which has
a wide range of resistance value, suitable for silicon ICs
and compound semiconductor ICs, the resistor having
significant thermal stability and excellent reproducibil-
ity.

It 1s another object of the present invention to pro-
vide a thin film resistor for a silicon semiconductor
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device, which is immune from dopant diffusion from
adjacent regions and sufficiently heat resistive during
the fabricating process of the device.

It is still another object of the present invention to
provide a thin film resistor for compound semiconduc- 5

tor devices which matches the fabricating process and
can be formed overlaying other elements of the device
to conserve the surface area of the substrate.

The objects described above are attained by a resistor
developed according to the present invention. The re-
sistor is a layer formed on a semiconductor substrate or
other substrate and the resistor comprising a mixture of
metal and/or its silicide and silicon nitride (Si3Ng). In
the resistor of the present invention, the metal silicide 1s
not essential to the film resistor. The metal and metal
silicide provide the resistor with conductivity. The
metal silicide is formed unintentionally in the fabrica-
tion process of the resistor. The metal is selected from
elements such as molybdenum (Mo), tungsten (W),
titantum (T1), etc. and their silicide.

The resistive material of the resistor according to the

present invention is studied with the aid of physical
measuring methods such as XPS (X ray photo-spectros-
copy), RBS (Rutherford back scattering) and X-ray
diffraction. As a resuit, it was found that the structure of 25
the material is a mixed structure of silicon nitride
(Si3N4) and metal and/or its silicide. As the resistivity
of the metal such as tungsten (W) is approximately only
one-tenth of the silicide of the metal such as tungsten
- silicide (WSi3), the total resistivity of the material de-
pends mainly on the composition of silicon nitride
(SizNg4), whose resistivity is significantly higher than
that of the metal or the silicide of the metal by over ten
orders. The grain boundary density also has some influ-
ence on the total resistivity of the material, because the
electric barriers on the boundary suppress the move-
ment of carriers. Therefore the resistivity 1s controlled
by controlling the composition of silicon nitride (S13N4)
‘and grain size of the metal.
The resistive layer for the resistors i1s formed most
effectively by a reactive sputtering method performed
in an atmosphere including nitrogen (N2) gas of a suit-
able partial pressure. The relation between the forma-
tion of silicon nitride (Si3N4) and the partial pressure of
the nitrogen (N3) gas has been examined carefully with 45
the XPS method. It was found with the nitrogen gas
having a partial gas pressure below around 10—4 Torr,
that silicon nitride was not detected in the structure of
the resistive material. On the other hand, the partial
pressure of approximately 1X10—4 to 5X10—2 Torr
was most suitable for a stable reactive sputtering pro-
cess. As a conclusion, the nitrogen gas pressure de-
scribed above is primarily used for embodiments of the
present invention which will be described later.

The selection of the ratio of the metal to silicon ni-
tride (Si3Ny) is performed by selecting suitable targets
and ion accelerating energy in the reactive sputtering
process. One method is the selection of the area-ratio of
targets of the metal, tungsten (W) for example, and of
silicon. The controlling of the ion accelerating energy 60
also provides the equivalent effect for the selection of
the material ratio of the resistor to be formed. In mass
production, a target of mixed material of metal and
silicon such as a mixture of powdered material of metal
and silicon with a specified ratio is effective.

As described above, by selecting a suitable ratio of
sputtering of metal and silicon, a resistive material com-
prising a mixture of metal and silicon nitride having a
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significantly wide range of the resistivity from 103 to
10° Qlcm is obtained.

Considering the application of the thin film resistor of
this invention to ICs, the diffusion behavior of dopants,
phosphorus dopants for example, contained inside the

resistor was studied. The mobility of dopants in the
resistor material was found extremely small, suggesting
that the resistor used in ICs is immune from the intru-

sion of dopanits contained in an adjacent doped region at
high temperature. Accordingly, the value of the resis-
tivity of the resistor is maintained stable through the
fabricating process and duration time.

In addition, the thin film resistor of the present inven-
tion is highly heat resistive and thermally stable, and the
activation energy of the resistivity of the film resistor
was found lower than that of a conventional polysilicon
resistor by 1/2.5 times. These features are verified by
associated experiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an IC substrate
having an FET and a resistor according to the present
invention, illustrating the structure before the formation
of the thin film resistor.

FIG. 2 is a cross-sectional view of the same IC shown
in FIG. 1, illustrating the structure after the resistor is
formed on the substrate.

FIG. 3 is a cross-sectional view of an IC substrate
having an FET and a thin film resistor according to the
present invention, illustrating the finished structure.

FIG. 4 illustrates graphically the relation between the
resistivity and the ratio x of tungsten (W) in the thin film
resistor material designated as Wx(Si3Ng)1—x under
various heat treatment conditions.

FIG. 5 illustrates graphically the relation between the
resistivity and the atomic ratio Si/W=3(1 —x)/x 1n the
thin film resistor material designated as Wx(Si13N34)1 —x.

FIG. 6 illustrates graphically the relation between the
resistivity and the ratio of molybdenum (Mo) for the
thin film resistor material designated as Mox(S13N4)1—x
under various heat treatment conditions.

FIG. 7 illustrates graphically the relation between the
resistivity and the atomic ration Si/Mo=3(1—x)/x of
the thin film resistor materal designated as Mox(-
Si3zN4)1 —x under various heat treatment conditions.

FIGS. 8(a) to (d) are the measurement results ob-
tained by a X-ray photo-spectroscopy (XPS) method,
illustrating the composition of the resistive material.

FIG. 9 illustrates graphically the phosphorus dopant
distribution in the vertical (depth) direction in the resis-
tive material layer.

FIG. 10 illustrates graphically the relation between
the activation energy and the resistivity at room tem-
perature of the resistors according to the present inven-
tion containing tungsten and molybdenum as the re-
spective component, compared with that of a polysili-
con material.

FIG. 11 is a cross-sectional view of an embodiment of
Ga-As compound semiconductore IC having an FET
and a resistor. |

FIG. 12 is an equivalent circuit diagram of the Ga-As
IC shown in FIG. 11.

DESCRIPTION OF PREFERRED
EMBODIMENTS

As described before, the resistive material of the resis-
tor according to the present invention is a mixture of
silicon nitride (Si3N4) and metal such as molybdenum
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(Mo) and tungsten (W) and/or their silicide. By control-
ling the mixing ratio of these elements, a wide range
from 10—3 to 10° Qcm of resistance value is attainable.
The resistor and its fabricating method will be discloed
together with associated experimental resuits.

Drawings of FIG. 1 to FIG. 3 are cross-sectional
views of an IC at its respective fabrication steps illus-
trating a fabricating method of the resistor built in the
IC. The cross-sectional view in the figures contain an
MOS FET 10 (metal-oxide-semiconductor field effect
transistor) formed in a transistor region defined by field
oxide layers 12 in a silicon substrate 11. The FET com-
prises a source region 13, drain region 14, gate insulat-
ing film 15 and a gate electrode 16. A resistor according
to the present invention is formed in this device.

In this embodiment, tungsten and silicon is used for
the material for the sputtering target. Tungsten pow-
ders and silicon powders are mixed with a predeter-
mined mixing ratio, and hot pressed to form a target for
reactive sputtering, wherein the target is sputtered by
the bombardment of nitrogen and argon ions. The par-
tial pressure of the nitrogen (N7) gas is selected from
1X10—4to 5X 10—2 Torr. The sputtered tungsten (W)
and silicon (Si) react with nitrogen and form a resistive
film layer of 0.3 um thick covering the entire surface of
the silicon substrate 11. In this case, if the substrate 11 is
heated at approximately at 500° C. in advance, the resis-
tivity of the resistive layer will be stable during the
following heat treatments. The layer is patterned to
form a resistor 17 by conventional photo-lithographic
technology as shown in FIG. 2. After that, a insulator
layer 18 is formed and a metal (aluminum) wiring 19 for
ground (Vss) and another wiring 20 for a power source
(Vdd) are formed on the insulator layer 18. Both wir-
ings are connected to the source region 13 and the resis-
tor 17 respectively, through respective contact hole 21
and 22 in the insulator layer 18. Unlike a prior art
polysilicon resistor, the resistor 17 does not form a para-
sitic MOS device and thus provides a stable and repro-
ducible resistor.

The structure of the resistor 17 was analyzed physi-
cally with the aid of various physical analyzing methods
such as X-ray diffraction, X-ray photo-spectroscopy
and Rutherford back scattering. As a result, the struc-
ture of the resistive layer was found to be a mixture,
wherein grains of tungsten or tungsten plus tungstien
stlicide were distributed in the silicon nitride (Si3Nj)
formed during the reactive sputtering by the reaction
between nitrogen and silicon. This structure is denoted
as Wx(S13N4)1—_x. But this does not mean that
Wx(S13N4)1 —x 1s a chemical compound as a whole.

Generally, heat resistivity is an important factor for a
resistor formed in a semiconductor device (IC), because
the resistor formed is subject to several heat treatment
processes such as a diffusion process during the subse-
quent fabricating process of the IC. The resistor of the
present invention was found to have excellent heat
stability. After a heat treatment at 1000° C. of the resis-
tor, little change was found in the composition and
binding energy. The results of associated experiments
are illustrated in FIG. 4. In the figure, the resistivity of
the resistor denoted as Wx(Si3Ng)i —x is plotted against
the composition factor x. Curve A (dash-dot line) shows
the value immediately after the formation of the resis-
tor, curve B shows the value after a heat treatment at
800° C. for 20 minutes, and curve C shows the resitivity
of the resistor after a heat treatment at 1000° C. As
ciearly seen from the figure, above three curves coin-
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cide each other with regard to the mixing factor x
below 0.35, which means the resistor is sufficiently heat
resistive.

The observed result denoted by the curve C is re-
ploted against an atomic ratio Si to W in the abscissa as
shown in FIG. 5. The obtained value is substantially
aligned with a straight line. This implies that it is easy to
control the resistivity of resistors and the resistivity can
be varied from a wide range of 10 to 108 Qcm. This
expands the field for application of the resistors by this
invention.

Particularly, for the value of x less than approxi-
mately 0.35, the heat treatment at 800° C. and 1000° C.
provides almost the same resistivity. This shows a high
thermal stability of the resistor, thus providing easy
reproducibility in the fabrication. Such a thermal stabil-
ity 1s considered to be ascribed to the structure of the
resistive layer. In this case, the model of the structure is
believed to be grains of tungsten or tungsten plus tung-
sten silicide, surrounded by silicon nitride (Si3zNa),
which prevents the movement and grain growth of the
tungsten grains at high temperature. The silicon nitride
layer (Si3N4) also prevent the intrusion of impurities
into the resistive material and reduces the influence of a
reductive atmosphere such as hydrogen (H>) in the heat
treatment furnance.

The resistivity of tungsten silicide is higher than that
of tungsten (W) by one order, while the resistivity of
silicon nitride (Si3Ny) is immensely higher than that of
tungsten or tungsten silicide by the order of nine to ten
(10° to 1010), Accordingly, the total resisitivity of the
resistor depends mainly on that of the silicon nitride and
can be controlled by the distance between the tungsten
grains. Apparently, the metal silicide is not essential for
the thin film resistor of the present invention. The metal
stlicide is generated unintentionally during the reactive
sputtering process for forming the resistive layer.

Similar results were obtained using molybdenum
(Mo) as a second embodiment as illustrated in FIGS. 6
and 7. The resistive material is express by Moy(-
S13N4)1—x. FIG. 6 illustrates the relation between the
resistivity of the resistor plotted on the ordinate and the
composition x plotted on the abscissa. In the figure,
curve D is plotted for the resistor immediately after its
formation, curve E is for the resistor after a heat treat-

- ment at 800° C. and curve F is for the resistor after a
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heat treatment at 1000° C. The results demonstrated by
the curve F in FIG. 6 is plotted again in FIG. 7, where
the atomic ratio of silicon to molybdenum Si/-
Mo=3(1 —x)/x 1s taken on the abscissa. The results are
similar to those shown in FIG. § which utilize tungsten
(W), while the resistivity range of 102 to 10% Qcm is
higher by one order than in the preceding embodiment.

The most remarkable feature of the structure of a
resistor according to the present invention is the forma-
tion of silicon nitride (Si3Ng) by the reactive sputtering.
This formation was proved experimentally by an X-ray
photo-spectroscopy (XPS) method with regard to
Wx(S13N4)1 —x and Mox(sizNg)1-x layers. The silicon
nitride (Si3Ng4) was formed during the reactive sputter-
ing method. The atmosphere of the sputtering was a gas
mixture of argon (Ar) and nitrogen (N3). The partial gas
pressure of the nitrogen was selected from 50% and
70% of the total gas pressure fixed at 10—3 Torr. The
results observed by the X-ray photo-spectroscopy
(XPS) method are illustrated in FIGS. 8(a) to (d). The
counts are plotted on the ordinate and the binding en-
ergy in eV is plotted on teh abscissa. Material and the
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nitrogen gas pressure are indicated in the figures respec-
tively. The value of the binding energy where the peak
of the curves appear, indicate clearly the presence of
sthcon nitride (S13Ng4) for every case.

As described before, the polysilicon resistors of the
prior art are easily influenced by dopants contained in

adjacent doped silicon regions. On the contrary, the
resistor of the present invention is immune from the
dopants usually used in ICs. This 1s verified by a follow-

ing experiment. A probe of resistive material designated
by a formula Mo,(Si13N4)1 .. x where x 1s taken as 0.13 1s
prepared. Phosphorus (P) is implanted with a dose of
2 X 1015 atm/cm? at an accelerating energy of 100 KeV
and covered with a silicon dioxide (810;) layer and
heated in a nitrogen atmosphere in a furnace at 1000° C.
for 30 minutes. The distribution of dopant (P) concen-
tration 1n the probe before and after the heat treatment
are measured using a SIMS (secondary 1on mass-spec-
troscopy) method. The results are illustrated graphi-
cally in FIG. 9. The depth from the surface of the sur-
face of the probe is taken on the abscissa. The composi-
tion of the probe is designated under the abscissa. The
point corresponding to the depth equal to 0 mm is the
surface of the resistive layer. The solid line shows the
distribution of P dopants before the heat treatment and
the dotted line shows that after the heat treatment.
Apparentily both curves coincide closely indicating that
the mobility of the phoshporus dopant in the resistive
material significantly small. The same experiments for
studying the behavior of other type dopants, arsenic
(As) and boron (B) were conducted proving that these
dopants also have small mobility 1n the resistive material
according to the present invention. As a conciusion, the
resistor 1s quite immune from the influence of dopants
conventionally used in ICs.

Finally, in order to examine the temperature depen-
dency of the resistor of the present invention, the acti-
vation energy for the resistivity was measured by a
conventional technique. The results are plotted in FIG.
10, wherein the activation energy in eV is plotted on the
ordinate and the resistivity at room temperature is plot-
ted on the abscissa. Curves signified with W and Mo
respectively show the activation energy of
Wx(S13N4); —xand Mox(S13N4); —x. A curve signified by
Si shows the activation energy of polysilicon referred
from the report recited on page 2 of this specification.
From these curves, the activaation energy of the resis-
tivity of the resistor by this invention is approximately
40% of that of polysilicon. This smaller temperature
dependency of the resistivity of the resistor enhances
the freedom of the thermal design of the IC wherein the
resistor 1s employed.

FIG. 11 1s a cross-sectional view of a gallilum-arsenide
(GaAs) compound semiconductor device, having a
resistor of the present invention, and FIG. 12 is its
equivalent circuit diagram. A field effect transistor 30 of
a Shottky-barrier type, comprising a channel region 32,
an n-type source region 33, an n-type drain region 34
and a gate electrode 35, 1s formed in a gallium-arsenide
(GaAs) substrate 31. An input-signal is applied to the
gate electrode 35 through a wiring 39 which is formed
on an insulating layer 38. A thin film resistor 37 accord-
ing to the present invention is formed as a load resistor
over an insulating layer 36 covering the substrate 31 and
connected to the drain region 34 and power source
Vdd. The tranststor in this embodiment is a transistor in
the enhancement mode and has a gate electrode 2 um
long and 10 um wide and its threshold voltage is ap-
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proximately 0.15 V. The transconductance gm is ap-
proximately 130 mS/mm and the load resistance 1is
28001). The resistive layer in this embodiment is formed
by a reactive sputtering method, where tungsien (W)
and silicon (S1) are co-sputtered at the same time in the
atmosphere of nitrogen (N32) and argon (Ar). The
atomic ratio of W:S1 is from 1:1 to 1:0.6. The resistivity

1s lower than that of the preceding embodiment, being
10~! to 10—3 Qcm for instance. Another sample was

made by using the W:Si ratio=1:2 and nitrogen partial
pressure of 0.75 to 0.67 X 10~3 Torr. The resistivity of
the resistor thus made varies 1 to 0.1 dcm. The quantity
of sihicon nitride (Si3N4) contained is smaller than that
of the preceding embodiments and the content of tung-
sten silicide (W5S13) is greater than that of tungsten (W).

Especially, the thin film resistor containing tungsten
(W) is suitable for fabrication of Ga-As compound semi-
conductor integared circuits because tungsten does not
affect the device characteristics. In other words, tung-
sten does not react with Ga-As compounds even after
annealing at 500° C. for two hours, whereas tantalum
(Ta) easily diffuses into Ga-As at 425° C. annealing.

Additionally, a standardized Ga-As FET has tung-
sten silicide gates and a thin film resistor containing
tungsten is formed by using the same sputtering appara-
tus including the predetermined niirogen partial pres-
sure. Therefore, a thin film resistor containing tungsten
1s feasible with the production of the gallium-arsenide
IC.

The method or forming the resistors by this invention
are not limited to a reactive sputtering method, but
other conventional methods such as chemical vapor
deposition (CVD) method, a reactive evaporation
method utilizing an electron beam and a plasma ion
reactive sputtering method are also applicable. The
method by this invention 1s not limited to ICs but appli-
cable to other discrete resistors such as a resistor net-
work formed on a ceramic substrate and a discrete film
resistor for hybrid circuits. One of the preferrable appli-
cations of the resistor would be a thermal printer head
in which the resistor or resistor array formed on a
glazed ceramic substrate 1s used for means for necessary
heat generation.

It is readily apparent that the above-described thin
film resistor for an integrated circuit semiconductor
device meets all of the objects mentioned above and
also has the advantage of wide commercial utility. It
should be understood that the specific form of the in-
vention hereinabove described 1s intended to be repre-
sentative only, as certain modifications within the scope
of these teachings will be apparent to those skilled in the
art.
Accordingly, reference should be made to the follow-
ing claims 1n determining the full scope of the invention.

What is claimed 1s:

1. A thin film resistor comprising:

an insulative substrate; and

a resistive thin film, formed on the surface of said

insulative substrate, said resistive thin film compris-
ing a mixture of silicon nitride (Si3N4) and metal
particles, said metal particles being dispersed in
said silicon nitride and said metal being selected
from a group consisting of tungsten, molybdenum
and their silicides.

2. A thin film resistor of claim 1, wherein said insula-
tive substrate is a semiconductor substrate covered with
an insulating layer, and at least a portion of said resistive
thin film i1s formed on said insulating layer.
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3. A thin film resistor of claim 2, wherein said semi-

conductor substrate further has a contact region on the
surface thereof, and an opening formed in said insulat-
ing layer such that said contact region is exposed
through said opening and a portion of said resistive thin
film contacts the exposed surface of said contact region
through said opening.

4. A thin film resistor of claim 2, wherein said insula-
tive substrate is a ceramic.

3. A thin film resistor of claim 1, wherein said resis-
tive thin film is a sputtered film having a resistivity of
103 to 10° Qcm.

6. A thin film resistor of claim 1, wherein said metal
is tungsten and an atomic ratio of silicon to tungsten is
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determinted by Si/W =3(1 —x)/x wherein x equals 0.1

to 0.6, said resistor having a resistivity of 10 to 108 Qcm.

7. A thin film resistor of claim 1, wherein said metal
is molybdenum and an atomic ratio of silicon to molyb-
denum 1s determined by Si/Mo=3(1—x)/x wherein x
equals 0.1 to 0.6, said resistor having a resistivity of 1 to
10° Qcm.

8. A thin film resistor comprising an insulative sub-
strate and a resistive thin film formed on said insulative
substrate, said resistive thin film consisting of silicon
nitride and tungsten silicide and having a resistivity of 1
to 10—3 Qcm.

9. A thin film resistor of claim 8, wherein said insula-
tive substrate is a compound semiconductor covered
with an insulating layer, and said resistive thin film is

formed on said insulating layer.
* %X %¥x %k X%
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